1. Introduction {#sec1}
===============

Human Living environmental is closely related to the natural, human, and socioeconomic factors. Since Doxiadis put forward the concept of "Science of Human Living Environment" \[[@B1]\], human living environment has been an important issue in other subjects \[[@B2]--[@B5]\]. Human living environment is influenced by many factors, including terrain and landforms, climate, hydrological conditions, and land use/land cover, which play the leading role in the human living environmental evaluation. Most of the research focused on the limit scale and lacked large-scale regional research \[[@B6]--[@B9]\]. They also lacked studies on spatial distribution of regional suitability of the human living environment.

Urban agglomeration refers to a certain area, where there is a strong interaction between urban space arrangement forms and individual cities, and it is the product of certain stage of urban development. Shenyang-Dalian urban agglomeration extends into the Bohai Sea and Yellow Sea, which is the largest estuary in Northeast China. Due to its advantage of opening geographical location, it has a very important position in the Northeast Asian region. In process of regional evaluation, the different indicators system will lead to different evaluation results. Therefore, establishing a reasonable evaluation system of human living environment is essential to protect urban agglomeration environment and rationally plan urban construction and development.

Recently, geographic information system (GIS) has been widely used and has become an important environmental evaluation tool \[[@B10]\]. Meanwhile, evaluation models and TM data will be combined through different angles, which can objectively evaluate the complex large-scale regions \[[@B11]--[@B13]\]. In this study, the human living environmental assessment model and human living environmental evaluation (HLEE) index based on GIS technology were developed. Then, this research quantitatively analyzed the spatial distribution of human living environmental evaluation index in this urban agglomeration.

2. Study Area and Data {#sec2}
======================

2.1. The Situation of Study Area {#sec2.1}
--------------------------------

Shenyang-Dalian urban agglomeration was located in Northeast China, near the Bohai Sea and Yellow Sea. This study area is confined by the latitudes 38.701°N\~43.525°N and longitudes 121.022°E\~125.78°E. The study area is characterized by climatic diversity, including semihumid climate and humid climate, semihumid climate and semiarid climate. The annual average temperature is 5 to 10°C, and the average annual precipitation is 450 mm to 1200 mm by uneven space distribution.

The area of Shenyang-Dalian urban agglomeration is 104689.84 km^2^. The study area included Shenyang District, Dalian District, Xinmin District, Liaozhong County, Faku County, Kangping County, Anshan District, Haicheng District, Taian County, Xiuyan County, Fushun District, Fushun County, Xinbin District, Qingyuan County, Benxi District, Benxi County, Huanren County, Yingkou District, Gaizhou District, Dashiqiao District, Liaoyang District, Dengta District, Liaoyang County, Tieling District, Kaiyuan District, Tieling County, Xifeng County, Changtu County, Fuxin District, Zhangwu County, Fuxin County, Wafangdian District, Pulandian District, Zhuanghe District, Dandong District, Fengcheng District, Donggang District, and Kuandian County (see [Figure 1](#fig1){ref-type="fig"}). Before the 1990s, as the economic development of Northeast China, it is also the country\'s most important industrial base. Due to the deepening of reform and open policy, Northeast China\'s economic growth rate gradually fell behind the eastern coastal areas. Development of economy and society in Shenyang-Dalian urban agglomeration can effectively promote the development of the entire Northeast China, and the related research can be a good promotion of socioeconomic development of the region. This is a major initiative to revitalize the Northeast China industrial base.

2.2. Data {#sec2.2}
---------

The main data is Landsat-5 TM remote sensing in 2011, which has a spatial resolution of 30 meters. In addition, the serial numbers of these remote sensing images are 120, 32; 120, 33; 119, 32; 119, 33; and 118, 32. Remote sensing was obtained from the United States Geological Survey; the map projection coordinates were Universal Transverse Mercator. Meanwhile, topography and vegetation coverage data were derived from interpretation of remote sensing data. Meteorological data was obtained from meteorological departments in Shenyang-Dalian urban agglomeration. Socioeconomic data was also acquired from Statistical Yearbooks of these counties in 2011.

3. Methods {#sec3}
==========

3.1. Influence Factors {#sec3.1}
----------------------

In the human living environmental evaluation index system, the choice of evaluation criteria is so important, and it also decides results of the evaluation. These factors should be representative and operable. However, in practice, not all evaluation indexes are so easy to obtain. Therefore, the establishment of the index system should be fully taken into account operability. Human living environmental evaluation system mainly involves natural environmental factors and socioeconomic factors, including population (*C* ~1~), land resource (*C* ~2~), water resource (*C* ~3~), climate (*C* ~5~), ecological (*C* ~6~), and economy (*C* ~8~) \[[@B7], [@B13]--[@B15]\]. The traditional evaluation system can be improved by this assessment system, and it proposes the new evaluation index system, including energy (*C* ~4~), public service evaluation (PSE) index (*C* ~7~), life and living (*C* ~9~), and environment (*C* ~10~). So the evaluation system includes three aspects: resource carrying capacity, natural environmental, and socioeconomic factors. Then, these three aspects contain 31 screened factors (see [Table 1](#tab1){ref-type="table"}).

3.2. Data Preprocessing {#sec3.2}
-----------------------

In the multi-index evaluation system, due to the different nature of each index, generally they have different dimensions and magnitude. The original index value is analyzed directly when difference in various indicators is large; it will highlight the role of the higher value of indicators and diminish the role of lower level indicators in a comprehensive analysis system. Therefore, in order to ensure the reliability of the results, the original index data need to be standardized. The original values of these factors were standardized by the following equation: $$\begin{matrix}
{A_{ij} = \frac{B_{ij} - B_{\min,j}}{B_{\max,j} - B_{\min,j}},} \\
\end{matrix}$$where *A* ~*ij*~ represents the standardized value of factor, *i* and *j* are row and column numbers, *B* ~*ij*~ represents the original factor value, and *B* ~min,*j*~ and *B* ~max,*j*~ represent minimum and maximum value in this column, respectively.

3.3. Evaluation Model {#sec3.3}
---------------------

Converting 31 factors into a comprehensive evaluation index is a critical step of human living environmental evaluation system. The principal component analysis (PCA) is an objective method of finding this index \[[@B16], [@B17]\]. Principal component analysis is designed to take advantage of lower-dimensional idea and replace more indicators with a few composite indicators \[[@B18]\]. The number of principal components is less than or equal to the number of original variables. Each of the main components is able to reflect most of the information of the original variables, and then the information does not repeat. The principal components provide information on the most meaningful parameters, which describe the whole data set according to data reduction with minimum loss of original information. This approach will translate several complicating factors into principal component, while the results obtained will be more scientific and effective. In this evaluation system, it contains 31 small evaluation factors. Based on analysis software-SPSS 18.0, principal components will be obtained.

The human living environmental evaluation (HLEE) index is defined as the sum of several weighted principal components as shown below:$$\begin{matrix}
{\text{HLEEI}\left( { x} \right) = {\sum\limits_{i = 1}^{7}{a_{i}x_{i}}},} \\
\end{matrix}$$where HLEEI(*x*) is human living environmental evaluation index; *a* ~*i*~ is principal component weights; *x* ~*i*~ is standardized values. And$$\begin{matrix}
{a_{i} = \frac{e_{i}}{\sum_{i = 1}^{m}e_{i}},} \\
\end{matrix}$$where *e* ~*i*~ is the contribution ratio of the *i*th principal component and *i* is the eigenvalue of the *i*th principal component.

3.4. Evaluation Index Classification {#sec3.4}
------------------------------------

In order to represent the different human living environmental evaluation levels, the results should be divided into several categories. Based on ArcGIS 9.3 software, the natural breaks classification (NBC) method was applied to the results of evaluation classification in this study. Natural breaks classification is an objective method to analyze the statistical distribution in the attribute space, and this method can be used to identify the classification interval \[[@B19], [@B20]\]. Similar values are most appropriately grouped, which can maximize the differences in individual classes. In this study, the method of the NBC was used to divide the human living environmental evaluation index into five grades---I, II, III, IV, and V level, and each grade has specific features (see [Table 2](#tab2){ref-type="table"}).

4. Result and Discussion {#sec4}
========================

4.1. Computing of Human Living Environmental Evaluation Index {#sec4.1}
-------------------------------------------------------------

According to the cumulative contribution of principal components, the number of components is affirmed to be seven and PCA is accomplished. The corresponding results are shown in [Table 3](#tab3){ref-type="table"}.

The higher the HLEE index value is, the more suitable the human living environment is. Derived from formulae ([2](#EEq2){ref-type="disp-formula"}) and ([3](#EEq3){ref-type="disp-formula"}), the human living environmental evaluation index (HLEE index) can be obtained as follows:$$\begin{matrix}
{\text{HLEEI} = 0.236F_{1} + 0.182F_{2} + 0.09F_{3} + 0.083F_{4}} \\
{\mspace{2060mu} + 0.068F_{5} + 0.066F_{6} + 0.046F_{7}.} \\
\end{matrix}$$

In formula ([4](#EEq4){ref-type="disp-formula"}), HLEEI is synthetic human living environmental evaluation index and *F* ~1~ \~ *F* ~7~ are seven principal components from 31 initial spatial variables in 2011.

Human living environmental evaluation index can be obtained from formula ([4](#EEq4){ref-type="disp-formula"}) in this area. The human living environmental evaluation indexes of Dalian, Shenyang and Liaoyang are higher than other counties. Among these counties, the human living environmental evaluation indexes of coastal counties (including Dandong, Donggang, Pulandian, and Dashiqiao) are significantly higher than those of inland counties (including Fuxin County, Ganzhou, Xinbin, Xifeng County, and Kaiyuan).

4.2. Distribution of Human Living Environmental Evaluation Grade {#sec4.2}
----------------------------------------------------------------

According to the standard (see [Table 2](#tab2){ref-type="table"}), the integrated evaluation indexes are classified to generate corresponding results (see [Table 4](#tab4){ref-type="table"}), as shown in [Figure 6](#fig6){ref-type="fig"}. The IV zone with the largest area proportion accounts for 29.99%, the III zone accounts for 28.52%, the V zone accounts for 21.50%, the II zone accounts for 14.65%, and the I zone only accounts for 5.347%. Most of the study area shows that the range of the human living environmental evaluation index is at III, IV, and V levels, which also illustrates the regional human living environment is in relatively good condition.

4.3. The Relationship between Main Evaluation Indexes and HLEEI {#sec4.3}
---------------------------------------------------------------

The difference between natural environmental evaluation (NEE) index and human living environmental evaluation (HLEE) index can be shown in [Figure 2](#fig2){ref-type="fig"}. HLEE indexes of Shenyang, Dalian, Liaoyang, and coastal counties are greater than other counties. The curve of HLEE index has relatively large fluctuations, which also reflects that the development of human settlements in Shenyang-Dalian urban agglomeration is uneven. The counties, where NEE indexes are higher, relatively have the larger HLEE indexes, such as Dalian, Liaoyang, Dandong, and Donggang, but the Shenyang, Xiuyan, and Huanren Counties are abnormal. Although the NEE index of Shenyang is lower than others, it is the capital city of Liaoning Province, which has better socioeconomic conditions to make up for weaknesses on the natural environment. On the contrary, the backwardness of socioeconomic conditions in Xiuyan and Huanren leads to the lower HLEE index. The NEE indexes of these old industrial counties are far better than coastal cities, and this difference is mainly caused by the climatic and ecological factors.

In Shenyang-Dalian urban agglomeration, [Figure 3](#fig3){ref-type="fig"} presents good correlation between curve of public services evaluation (PSE) index and HLEE index (see [Figure 3](#fig3){ref-type="fig"}). The PSE index in Shenyang and Dalian Cities is higher than other counties, and it has big differences in these counties, which reflects the uneven development in the postal, medical, transport, and insurance. The abnormal data of PSE is found in industrial energy cities: Anshan, Benxi, and Tieling. Traditional energy economy can bring the convenience of the public service, but more environmental pollution and destruction may be caused by the traditional development of energy industry.

It has a great difference between human living environmental evaluation (HLEE) index and resource carrying capacity (RCCE) index. When some counties have the small PSE index value, it can reflect that the pressure of environmental resources is small, such as Shenyang, Kangping, Yingkou, and Tieling (see [Figure 4](#fig4){ref-type="fig"}). When the HLEE indexes of these counties are higher, on the contrary, RCCE indexes are at the lower level, which show that the developing industrial cities have heavier load of resources carrying capacity.

The socioeconomic evaluation (SE) indexes of Shenyang and Dalian are higher than other counties, and the SE indexes of Fuxin County and Zhangwu County are lowest in the study area, where they have relatively backward economic development in Shenyang-Dalian urban agglomeration. Meanwhile, the HLEE indexes of these counties are lower than other counties. In economically developed regions, HLEE index increases with the increase of SE index (see [Figure 5](#fig5){ref-type="fig"}), including Shenyang, Liaoyang, Dalian, and Dandong.

4.4. Analysis of the Map of Evaluation Index {#sec4.4}
--------------------------------------------

The human living environmental evaluation index of Shenyang-Dalian urban agglomeration has been shown as in [Figure 6](#fig6){ref-type="fig"}. The HLEE indexes of central cities (Dalian and Shenyang) are higher than other counties, and the HLEE index of surrounding counties of these two central cities was better than the remote inland regions.

### 4.4.1. Analysis of Resources Carrying Capacity Evaluation Index {#sec4.4.1}

The high resources carrying capacity evaluation index is mainly distributed in the northeast region of Shenyang-Dalian urban agglomeration (see [Figure 7](#fig7){ref-type="fig"}), and its distribution is related to the distribution of energy consumption. It reflects that the regional economic growth is dependent on traditional energy consumed in this region. Due to the limit of technological innovation, development of Shenyang-Dalian urban agglomeration has the problem of product structure and extensive growth modes, which lead to the excessive use of resources. It mainly occurs in inland cities, for example, Xifeng, Qingyuan, and Huanren. Because of the small population growth and population density, the county has a lower RCCE index than other counties in this urban agglomeration.

### 4.4.2. Analysis of Natural Environmental Evaluation Index {#sec4.4.2}

The natural environmental evaluation (NEE) indexes of some counties which are mainly distributed in the coastal counties and southern urban agglomeration are higher than the NEE index in inland counties (see [Figure 8](#fig8){ref-type="fig"}). The index system of the natural environment only includes climate factors and vegetation coverage factors. As shown in Figures [10](#fig10){ref-type="fig"} and [11](#fig11){ref-type="fig"}, the distribution of climate evaluation index is similar to the distribution of NEE index and the distribution of vegetation coverage is different from the distribution of NEE index. It shows that climate is the dominant factor in the region\'s natural factors. In this region, Huanren and Kuandian are rich in natural resources. The northwest regions, where NEE index is relatively low, such as Fuxin and Faku, have large temperature difference and less vegetation cover. Coupled with the backwardness of economic development, the HLEE indexes in these counties are much lower than other counties.

### 4.4.3. Analysis of Socioeconomic Evaluation Index {#sec4.4.3}

The distribution of the higher socioeconomic evaluation index is mainly in urban areas, such as Dalian, Shenyang, and other economic developed counties. This distribution is similar to distribution of economic development (see [Figure 9](#fig9){ref-type="fig"}). The development of economy, transportation, and municipal construction in Shenyang and Dalian is highest in this urban agglomeration, which leads to the higher HLEE index. Because economic structure is not reasonable, the economic growth of some counties, such as Kaiyuan, Faku, and Fushun, is less than the previous areas.

### 4.4.4. Difference Analysis {#sec4.4.4}

Shenyang, Dalian, and Dandong are ranked in the forefront in the aspects of economic development and transport, which also has the higher HLEE index. Although the HLEE index in Anshan is relatively high, it is an energy industrial city, and it will be under enormous pressure between economic development and environmental protection. Because its population base is not consistent with the city size, the economic development of Tieling and Fushun can affect the development of other aspects, which means that the HLEE index is relatively low. Fushun and Tieling are the old industrial base and now are still the resource-consuming cities. Overall, the Shenyang-Dalian urban agglomeration has the advantage of energy and geographic position; however, the development in quality of human living environment is not coordinated.

4.5. The Planning Recommendations of Human Living Environment {#sec4.5}
-------------------------------------------------------------

There is a big difference in HLEE index in Shenyang-Dalian urban agglomeration. In the industrial energy consumption, counties have lower evaluation scores. Because of pursuing the economic development, some regions also do not transfer the extensive style of economic development to intensive development. Li et al. (2011) analyzed the human living environmental evaluation index in Chongqing and found that the human activities are the main reason to affect the HLEE index \[[@B7]\]. Their results are similar to this research. And this study suggests that economic development is the main factor affecting the quality of human living environment. In this region, economic development often cannot avoid the destruction of the environment. In order to improve the living environment in cities and counties, more conducive measures should be made in rational planning and development of urban agglomerations. First, the local government should pay attention to the construction of the ecological environment and scientific urban planning and construction. Second, protection of wetlands and afforestation can increase the green space and improve the ecological carrying capacity of resources. Third, development of the circular and intensive economy is the key measure to improve the human living environmental quality.

5. Conclusion {#sec5}
=============

Combining PCA method with GIS software, this study developed the human living environmental evaluation model and quantitatively analyzed the human living environmental evaluation in a typical zone in Shenyang-Dalian urban agglomeration.

Based on this model, the human living environmental evaluation indexes of Dalian, Shenyang, and Liaoyang are higher than other counties. Among these counties, the human living environmental evaluation indexes of coastal counties are significantly higher than inland counties. Most study areas show that the range of the human living environmental evaluation indexes was at III, IV, and V levels, accounting for 80.01%. Based on these results, it could illustrate the regional human living environmental evaluation is in good condition.

Because of using the multiple factors model for assessing the regional human living environmental evaluation, the results closely reflect the real situation of Shenyang-Dalian urban agglomeration. As the evaluation factors are based on counties, it is difficult to know the counties\' internal spatial pattern and subtle differences of human living environmental evaluation index. So evaluation accuracy can be enhanced by increasing more detailed information on the use of samples below the county level.
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###### 

The human living environmental evaluation (HLEE) index system.

  -------------------------------------------------------------- -----------------------------------------------------------------------------------
  Resource carrying capacity evaluation (RCCE) index (*B* ~1~)    
   Population (*C* ~1~)                                          \(i\) Population density (*D* ~1~)
                                                                 \(ii\) The natural people growth rate (*D* ~2~)
   Land resource (*C* ~2~)                                       \(i\) Per-capita wetland area (*D* ~3~)
                                                                 \(ii\) Per-capita farmland area (*D* ~4~)
   Water resource (*C* ~3~)                                      Per-capita water area (*D* ~5~)
    Energy (*C* ~4~)                                             \(i\) Unit energy consumption (*D* ~6~)
                                                                 \(ii\) Energy consumption per unit of GDP (*D* ~7~)
                                                                 
  Natural environmental evaluation (NEE) index (*B* ~2~)          
   Climate evaluation (CE) index (*C* ~5~)                       \(i\) Annual sunshine time (*D* ~8~)
                                                                 \(ii\) Annual precipitation (*D* ~9~)
                                                                 \(iii\) Relative humidity (*D* ~10~)
                                                                 \(iv\) The annual average temperature (*D* ~11~)
   Ecological (*C* ~6~)                                          Vegetation coverage (*D* ~12~)
                                                                 
  Socioeconomic evaluation (SE) index (*B* ~3~)                   
   Public service evaluation (PSE) index (*C* ~7~)               \(i\) The number of cultural and artistic venues (*D* ~13~)
                                                                 \(ii\) Postal traffic per capita (*D* ~14~)
                                                                 \(iii\) The number of doctors/ten thousand individuals (*D* ~15~)
                                                                 \(iv\) Road density (*D* ~16~)
                                                                 \(v\) Per capita library collection (*D* ~17~)
                                                                 \(vi\) Urban medical insurance coverage (*D* ~18~)
                                                                 \(vii\) Passenger turnover (*D* ~19~)
   Economy (*C* ~8~)                                             \(i\) Rate/income ratio (*D* ~20~)
                                                                 \(ii\) GDP growth (*D* ~21~)
                                                                 \(iii\) GDP per capita (*D* ~22~)
                                                                 \(iv\) Household consumption (*D* ~23~)
                                                                 \(v\) The per capita disposable income (*D* ~24~)
                                                                 \(vi\) Per-capita retail sales (*D* ~25~)
   Life and living (*C* ~9~)                                     \(i\) Per-capita housing area (*D* ~26~)
                                                                 \(ii\) Internet households rate (*D* ~27~)
                                                                 \(iii\) Urban population density (*D* ~28~)
                                                                 \(iv\) Family entertainment, education, and cultural services spending (*D* ~29~)
   Environment (*C* ~10~)                                        \(i\) Drinking water quality compliance rate (*D* ~30~)
                                                                 \(ii\) Sewage harmlessness (*D* ~31~)
  -------------------------------------------------------------- -----------------------------------------------------------------------------------

###### 

Human living environmental evaluation grade in Shenyang-Dalian urban agglomeration.

  Evaluation level   HLEEI value    Feature description
  ------------------ -------------- ---------------------------------------------------------------------------------------------------------------------------------------------------
  I                  −0.72\~−0.26   Unsuitable living environment, bad quality of life, and bad natural environment and public facilities
                                    
  II                 −0.26\~−0.08   Less suitable living environment, low quality of life, and relatively bad natural environment and public facilities
                                    
  III                −0.08\~0.05    Suitable living environment, a little high quality of life, and relatively general natural environment and general public facilities
                                    
  IV                 0.05\~0.15     Moderate suitable living environment, relatively high quality of life, relatively good natural environment, and relatively good public facilities
                                    
  V                  0.15\~0.62     High suitable living environment, high quality of life, good natural environment, and good public facilities

###### 

The results of principal component analysis (PCA).

  Principal component   Initial eigenvalues            
  --------------------- --------------------- -------- --------
  1                     5.185                 23.567   23.567
  2                     3.999                 18.178   41.745
  3                     1.994                 9.063    50.808
  4                     1.824                 8.292    59.100
  5                     1.485                 6.752    65.852
  6                     1.461                 6.639    72.491
  7                     1.003                 4.557    77.048

###### 

The grade proportion of human living environmental evaluation index.

  Grade   Number of grid   Area (km^2^)   Area percentage (%)
  ------- ---------------- -------------- ---------------------
  I       3338             5590.44        5.34
  II      9159             15337.06       14.65
  III     17822            29857.54       28.52
  IV      18741            31396.48       29.99
  V       13440            22508.32       21.50
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